During the static 6/2 DED (dynamic ergodic divertor) experiments at TEXTOR, a significant impact of the edge resonant magnetic perturbation (RMP) on the blob transport in the scrape-off layer (SOL) has been observed. In ohmic discharges without the RMP, the turbulence intermittency extends deep into the SOL with a radially-outward speed of ~ 1 km/s and ejects large turbulent flux. The fraction of the blob-carried to total turbulent flux is enhanced with increasing plasma density and reaches about 60% of the total flux in the SOL in high density discharges. With the application of the RMP, the blob size and their radially moving velocity are both reduced, resulting in a suppression of the blob transport in the SOL. It has been found that the suppression effect of the RMP on blobs is independent of the change of edge equilibrium profiles and the phasing variation of the RMP as well. The physical mechanisms appear to be consistent with the radial interchange motions of the blob structures.
Introduction
In magnetized plasmas, it has long been observed that the radial transport in the scrape-off layer (SOL) is characterized by turbulent intermittency [1] [2] [3] [4] [5] [6] , appearing as B field-aligned filaments or perpendicular-plane blobs, which unfavorably increase recycling at walls, reduce the divertor efficiency and thus may lead to a high level erosion of the first wall in fusion devices like ITER. In recent years, experiments in several machines have shown the importance of an ergodized magnetic boundary induced by the edge resonant magnetic perturbation (RMP) in mitigating the ELMs [7] and also in optimizing the plasma-wall interaction [8, 9] . With the RMP, significant changes in edge turbulence and turbulent transport have been observed in the static DED (dynamic ergodic divertor) operation in TEXTOR [10] and in the ELM control experiments in DIII-D [11] as well. In this paper, we report the experimental results about the suppression effect of the RMP on the intermittent blob transport in the SOL of TEXTOR.
Experimental set-up
The experiments were carried out at TEXTOR tokamak mainly under following ohmic discharge conditions of deuterium plasmas: R/a=1.73/0.46 [m/m], B T =1.9 T, I p =270 kA, and chord-averaged density in a range of <n e >=(1.6-3.5)×10
19 m -3 . The edge magnetic perturbation was created by 16 DED coils, helically winding around the inner side of the torus with a pitch parallel to field lines on the magnetic flux surface with a safety factor q ≅3 [9] . In the present experiment, the base poloidal/toroidal modes were operated as m/n = 6/2 with a dc DED current, I DED =6kA, applied in the stationary phase of the ohmic discharge. The Poincare plot shows that the perturbed volume roughly covers a radial range of ρ≡r/a ≈0.72-1.0, including an ergodic zone (ρ≈0.72-0.96) with long and a laminar zone (ρ≈0.96-1.0) with short field-line connection lengths, respectively [12] . In the experiment, the small DED current-induced edge RMP does not affect the global confinement, nor excite external tearing modes. The measurements of the turbulent intermittency were accomplished by a fast reciprocating Langmuir probe array installed at the outer midplane [10] . Two pins of the array were DC-biased to measure the ion saturation current, I s , while the other two were poloidally separated to detect the poloidal electric field E θ from their floating potential difference. The radial speed of the blobs is hence computed by V r = E θ ×B/B 2 . The turbulent particle flux, r Γ , is Figure 1 illustrates the basic features of the intermittent blob transport in the ohmic discharge phase before the DED. Shown in Fig. 1(b) is the raw signal of I s measured by the fast probe in a radial range of 1.1> r/a >0.98, including the SOL and the edge. In the I s signal, one can see a lot of intermittent "bursts", extending 4-5 cm deep into the SOL.
Results and discussion
This intermittency implies a departure from a random diffusive process in fluctuations.
To be more quantitative, the corresponding third (skewness) and fourth (kurtosis) order moments of the I s signal are plotted in Fig. 1 (a). The skewness (S) and kurtosis (K) reflect the degree of "asymmetry" and "peakedness" of a distribution of I s fluctuations [4, 6] . suggests a radially moving blob-like structure which has a steep front and a trailing wake.
As such, the fluctuation-induced transport in the SOL is often termed as "turbulent blob"
transport. In the experiment, we also made a density scan [(1.6-3. To understand the mechanisms, we first compared the radial profiles of the skewness and kurtosis of the I s signal before and during the DED. It is found that both of S and K change little or even slightly increase during the DED, indicating that the bursty feature of I s remains with the RMP. To gain more insight into the blob structure affected by the RMP, we have made an auto-conditional averaging of the intermittent bursts on I s data by selecting the burst amplitudes larger than two times of the standard deviation. The technical details of the statistics have been described earlier [2, 4, 6] . The conditional average of I s fluctuations measured around r/a=1.03 before and during the DED are shown in the inset of Fig. 3(a) and (e), respectively. It can be seen that (i) before and during DED, the burst shape is similar, suggesting a small change of S and K on I s fluctuations, as calculated; (ii) the burst amplitude is strongly reduced by the DED; (iii) the radial "passing time" of the blobs at the probe pin, say width-at-half-height of the burst, is nearly halved from 60 to 30 µs at that location. Since the "passing time" and V r both decrease during the DED, the blob size of the radial dimension (≈ "passing time" × V r ) is reduced by the RMP. The decrease of the burst amplitude by RMP is therefore linked to the reduction of the blob size. Here, we neglect the influence of a second or third dimension of the blob structures on the radial "passing time" of the blobs assuming that the local dynamic process of the blobs is dominated by the "radial ejection" resulting from the curvature-driven interchange instability [14] .
In the experiment, it has been found that with RMP the edge plasma profile can be changed differently, depending on discharge parameters and the wall-condition as well.
In one case, the edge density (pressure) profile decreases when RMP turns on, as displayed for the case in Fig. 3 . In another case, the edge density (pressure) profile In this study, we have compared the experimental results with a possible theoretical mechanism based on the interchange instability [14] . The theory proposes that the blob structure develops on the base of a turbulent eddy inside (near) the separatrix, and is then driven radially outwards by the curvature drift on a dipolar vorticity. This hypothesis is supported by some of our observations, for example, (i) the intermittency increases with increasing plasma density and q(a), implying a stronger driver by density gradient and longer stay of blobs in the bad curvature zone, respectively; (ii) the reversed B T experiments clearly testify the B curvature-polarization dynamics, as observed also in DIII-D [5] . The impact of the RMP on turbulence structures could be multifold. In simulation [13] , it is shown that before RMP the modes with k // ≈ 0 on rational surfaces are subject to strong instabilities whereas during RMP the modes are damped by resistivity because k // becomes finite and nonzero. With RMP, the experimental measurements [10, 15] also showed a strong reduction of the large-scale turbulence structures in the ergodic zone. Consequently, the blob size, based on large turbulence structures, is reduced by the RMP when the blobs generate and pass radially through the ergodic layer. The influence of the RMP on the blob moving speed may be related to an increased sheath dissipation in the perturbed volume [14] . With RMP, the effective field line connection length at the plasma boundary inside the limiter is in general shortened, leading to an increase of the sheath dissipation and thus a reduction of the radial drift velocity, as seen in Fig. 3 .
Conclusion
The influence of the RMP on the turbulent blob transport has been investigated in the SOL of TEXTOR during the 6/2 DED experiment. In the ohmic phase without the RMP, the blob bursts extend 4-5 cm deep into the SOL with a radially-outward moving 
